Introduction
Brazil is the second largest adopter of biotech crops in the world with 36.6 million hectares (JAMES, 2012) , of which around 24 million hectares were planted with glyphosatetolerant soybean, 0.5 million hectares with genetically modified cotton, and 12 million hectares with genetically modified maize (CÉLERES, 2012) .
Since 2007, 18 genetically modified (GM) maize events have been approved for commercialization in Brazil by the National Biosafety Technical Commission (COMISSÃO..., 2012) and, currently, the main commercial transgenic lines are TC1507, MON810, MON89034, Bt11, MIR162 for insect resistance, and NK603 and GA21 for glyphosate tolerance (CRUZ; QUEIROZ; PEREIRA FILHO, 2012) .
Brazilian regulation requires that all foodstuffs for human consumption that contain a limit of 1% (10 g.Kg -1 ) of approved genetically modified organisms provide this information on the label (Decree No. 4860 of April 2003 (BRASIL, 2003 ) to ensure that consumers are properly informed about the presence of genetically modified ingredients in the food products. Since then, some studies on the detection and quantification of levels of genetically modified soybean and maize in Brazilian food products have been published (BRANQUINHO; FERREIRA; CARDARELLI-LEITE, 2010; BROD et al., 2007; BROD; CARDARELLI et al., 2005; DINON et al., 2010; FERREIRA; BRANQUINHO; CARDARELLI-LEITE, 2009; GREINER; KONIETZNY, 2008; MARCELINO; GUIMARÃES; BARROS, 2007) . The methods used are based on the Polimerase Chain Reaction (PCR), which is the analytical system widely adopted in GMO detection, and the quantifications are based on real-time PCR (qPCR) that targets different genetic elements, including the cauliflower mosaic virus 35S promoter (P-35S) ( VAN DEN EEDE, 2010) .
Efforts have been made by Brazilian health regulatory authorities to enforce both food safety and food labeling policies. Regarding GMO, some monitoring programs have been established to detect and quantify the content in food products containing soybean and maize. The present study was based on a monitoring program with the aim to detect the presence and quantify the content of the approved maize events MON810, Bt11, TC1507, NK603, GA21, and T25 in Brazil, in products containing maize collected by health authorities from food markets in order to verify the compliance with labeling requirements. The presence of the unapproved event Bt176, already authorized in Argentina, North America, Asia, and Europe (CENTER..., 2012) was also evaluated.
The analyses were performed at the Reference Laboratory of the Ministry of Health (National Institute for Quality Control in Health -INCQS), which is responsible for providing support for surveillance activities undertaken by health authorities.
TAMRA is located on the 3'-end of both probes. Details about primers and probe sequences, amplicon sizes, and chemical concentrations were not provided within the kit. The reactions were carried out in 96-well microtiter plates in a total volume of 25 µL containing 22 µL master mix, 0.5 µL AmpliTaq Gold® polymerase and 2.5 µL DNA, and run on the ABI Prism® 7500 Sequence Detection System (Applied Biosystems, Foster City, CA, USA), according to the following thermal cycling protocol: initial step at 95 °C for 10 minutes and 45 cycles at 95 °C for 20 seconds and 60 °C for 1 minute. All products and reagents were purchased from Applied Biosytems.
Calibration curves were obtained using the DNA extracted from ERM 413 (0, 1, 5, 10, 20 and 50 g.Kg -1 MON 810 maize) run in triplicate using the ∆Ct (delta Ct) method. The differences between the Ct values of the P35S and the zein sequences (∆Ct = Ct GMO -Ct zein ) were calculated for each standard concentration and plotted against the logarithm of the GMO concentration expressed as a percentage. The P35S percentage was calculated from the ∆Ct values derived from the linear regression equation of the calibration curve.
The efficiency of the PCR reaction and the linearity of calibration curves were evaluated according ENGL specifications (EUROPEAN..., 2008) . To check the reproducibility of Ct measurements, each concentration of DNA extracted from CRMs (~100 ng) was submitted to five different runs and analyzed in triplicate. The absolute limit of detection (LOD) and the absolute limit of quantification (LOQ) were estimated by diluting DNA extracted from 50 g.Kg -1 CRM MON810 with DNA extracted from 0 g.Kg -1 CRM MON810, on the basis of the maize genomic size (1C) (BENETT; LEITCH, 2004) to obtain approximately 1850, 462, 115, 58, 29, 15, and 7 .5 copies of MON810 maize per 25 µL volume of PCR reaction. Each dilution was analyzed in duplicate in four runs.
Quantification of MON810, Bt11 events and detection/ quantification of NK603, TC 1507, and T25 events using real-time PCR
The quantification of MON810 and Bt11 was performed using kits produced by Eurofins GeneScan: GMOQuant (HR) Event MON810 and GMOQuant (HR) Bt11/Bt10 Corn, respectively; and the detection/quantification of T25, TC1507 and NK603 was performed using GMOQuant (HR) LibertyLink™ Corn, GMOQuant (HR) Event TC 1507 Corn, and GMOQuant (HR) Event NK603 Corn, respectively.
The kits use two single systems, one for detection of corn species (reference) and the other for GMO detection. The systems for detection of MON810, Bt11, T25, and TC1507 were construct-specific, and that for detection of NK603 was event-specific. DNA segments were amplified with two specific primers and the probes were 5'-FAM-labeled and 3'-TAMRAlabeled as quencher. The reactions were performed according to the kit manufacturer's specification. The thermocycler conditions were the same for all runs: initial step at 95 °C for 10 minutes and 45 cycles at 95 °C for 15 seconds and 60 °C for 1 minute. and 02 samples of nacho chips in 2012. These samples comprised 13 different brands and were gathered randomly from markets in Rio de Janeiro state by regulatory health authorities of Rio de Janeiro as part of monitoring program.
Certified reference materials (CRMs) consisting of dried maize flour with 1, 5, 10, 20, and 50 g.Kg -1 of MON 810 maize (ERM 413), 0 and 10 g.Kg -1 of GA 21 maize (ERM 414), 0 and 10 g.Kg -1 of Bt 176 (ERM 411), and 0 and 10 g.Kg -1 of Bt 11 (ERM 412), developed by the Institute for Reference Materials and Measurements (IRMM, Geel, Belgium) and commercialized by Fluka BioChemika, were used as standards in the analyses.
Sample preparation and DNA extraction
A total of 1 kg of samples consisting of 1-2 packages were manually homogenized with the exception of nacho chip samples which were ground in an M20 Mill (IKA Works, Inc., Wilmington, CA, USA) under carefully controlled conditions to avoid cross-contamination among samples. DNA was extracted in triplicate from 100 mg of homogenized samples and CRMs using the CTAB (cetyltrimethyl ammonium bromide) method according Lipp et al. (1999) . All DNA extractions were resuspended in 50-100 µL of DNA grade water and stored at -20 °C. DNA concentrations and purity were estimated by the Gene Quant pro spectrophotometer (Amersham Biosciences, Piscataway, NJ).
Detection of specific GMO (MON810, Bt176, Bt11, and GA21) using conventional PCR
The amplificability of DNA extracted was verified using the primers ZE01/ZE02 specific to intrinsic maize gene zein (Ze 1) detection to confirm the presence and quality of DNA extracted from maize-containing samples (MATSUOKA et al., 2000) .
The samples with positive signal for zein gene were analyzed for detection of the E35S promoter/hsp70 exon-intron cassette of MON 810 maize by nested PCR using the primer pairs mg1/mg2 and mg3/mg4 (ZIMMERMANN et al., 1998) ; for detection of the synthetic cryIA (b) gene derived from B. thurigienses for identification of Bt176 maize by nested PCR using the primer pairs CRYIA1/CRYIA2 and CRYIA3/CRYA4 (STUDER et al., 1997) ; and for detection of the junction of the maize adh 1S-intron2 (IVS2) and the pat gene from Streptomyces viridochromogenes for identification of Bt11 maize using the primer pair Intron IVS2-2/PAT (INTERNATIONAL..., 2005). The same samples were also analyzed for detection of GA21 using the primers pair GA21 3-5'/GA21 3-3' (KURIBARA et al., 2002) . Primers, PCR conditions, and amplicon length were described in the references. Primers were synthesized and purified by Invitrogen Brasil (Life Technologies Brazil).
Quantification of P-35S target
A duplex reaction was performed using the TaqMan® GMO 35S Maize detection kit (Applied Biosystems) for amplification of the maize zein gene target and the P35S target in the same tube. The P35S system's probe is a 5'FAM-labeled probe, while the probe for zein is a 5'VIC-labeled probe. The quencher dye In Brazil, some studies have attempted to detect transgenic material in food product containing maize even before the first marketing authorization of genetically modified maize in 2007. Cardarelli et al. (2005) did not detect MON810 and Bt176 maize in pasta and pet food samples. Dinon, De Melo and Arisi (2008) and Dinon, Bosco and Arisi (2010) did not find Bt11, Bt176 and MON810 either in maize flour, corn meal, maize flour flakes, and polenta samples sold in Brazilian markets from 2005 to 2007. Greiner and Konietzny (2008) published data on 100 processed products containing maize that were analyzed every year from 2000 to 2005 and found 8% of the samples positive for Bt176, Bt11, MON810, and T25 maize. The difference between these studies might be explained by the inclusion of imported products used in these studies since the majority of the positive food products were not of Brazilian origin. Moreover, data published by Marcelino, Guimarães and Barros (2007) The overall results of the present study indicated the major GMO events detected in the samples collected in 2011 and 2012 were as follows: MON810, TC1507, Bt11, and NK603, which allowed a good estimate of the most abundant GMO maize in the market nowadays. These findings are in agreement with data published by Brazilian Agricultural Research Corporation (EMBRAPA) regarding the currently genetically modified cultivars in the Brazilian market: TC1507, MON810, NK603, Bt11, GA21, MIR162, and MON89034 (CRUZ; QUEIROZ; PEREIRA FILHO, 2012). These GMO have been reported to be commercialized on a large scale, mainly in Spain, North, and South America countries (KLUGA et al., 2012) . The events MON89034 and MIR 162 were not evaluated in the present study due to lack of calibrators in our laboratory.
Quantification of P-35S target using real-time PCR for the evaluation of compliance with labeling legislation
MON810, Bt11, NK603, and TC1507 maize lines contain the promoter P-35S as part of their genetic modification, and this element was quantified to evaluate the compliance with labeling legislation. The transgenic content of 13 samples collected in 2011 and 17 samples collected in 2012 was determined in triplicate analyses using the TaqMan® GMO 35S Maize detection kit.
The efficiency of P35S and zein amplification was evaluated by the slope of the calibration graph in five ∆Ct different curves (∆Ct = Ct GMO -Ct zein ) using CRM MON810, and the values ranged from -3.3762 to -3.5806 corresponding to 97.7 to 90.2%, respectively. The R 2 values obtained in these runs ranged from 0.980 to 0.992, higher than the minimum acceptable coefficient of 0.980 (EUROPEAN..., 2008) . The reproducibility of Ct measurements of each target was checked in five runs using CRM MON810, and the maximum coefficient of variation for the transgenic target was 1.8% and for the endogenous system was 2.1%. The LOD was determined as the lowest amount of MON810 detected in all replicates, 7.5 copies, corresponding to a relative LOD of 0.19 g Kg -1
. The absolute LOQ was estimated to be 30 copies of template and the LOQ relative was 0.78 g Kg -1
. All of these results indicated that the commercial kit and the Two calibration curves were generated, one with the GMO system and the other with the species reference system; and for each curve, four calibration points were determined with the calibration DNA standards included in the kit. The percentage of GMO DNA in the unknown DNA sample was calculated by relative quantification. The efficiency of the PCR reaction and the linearity were evaluated for each target.
Results and discussion

DNA extraction and detection of specific GMO events
The CTAB method was efficient providing good quality and quantity DNA preparations from all samples with a yield of around 80 ng.µL , measured by UV-spectrophotometry. The amplificability of the DNA extracted was confirmed through visualization of 329bp amplicon corresponding to maize zein gene sequence amplification.
A total of 34 maize-containing products collected in 2011 and 2012 were analyzed for specific detection of MON810, Bt11, GA21, and Bt176 using conventional PCR, and real-time PCR was used for detection of TC1507, NK603, and T25 maize. The LOD of MON810, Bt11, GA21, and Bt176 was estimated to be 1 g.Kg -1 under the PCR conditions used and the LOD of TC1507 and NK603 was estimated as 40 copies by real-time PCR. Thirteen (81.2%) out of 16 samples of maize flours collected in 2011 showed amplicons of 149bp and 189bp, indicating the presence of MON810 and Bt11 respectively and amplification of TC1507 using real-time PCR. Only 2 samples (12.5%) tested positive for NK603 using qPCR. No GA21, T25, and Bt176 maize events were detected.
In 2012, 16 samples of maize flours, and 02 samples of nacho chips were analyzed. Fourteen maize flour samples tested positive for MON810, Bt11, and TC1507 events, and 10 (62.5%) out of these 14 samples also tested positive for NK603, demonstrating a great increase in the presence of this genetically modified crop in food Brazilian industry. One maize flour sample was positive for MON810 and TC1507, one maize flour sample was positive only for TC1507, and one nacho chip sample tested positive only for MON810 event. The other nacho chip sample tested negative for all events. No GA21, T25, and Bt176 were detected. These results are summarized in Figure 1 . , demonstrating the intentional use of this transgenic culture. Table 1 shows the range of the content of each event according the products and the year.
Conclusions
The results obtained in the present study indicated the major GMO detected in maize-derived food products commercialized in Rio de Janeiro state in 2011 and 2012 were MON810, TC1507, Bt11, and NK603 events. The authorized lines GA21, T25, and the unauthorized Bt176 were not detected.
The real-time PCR (qPCR) allowed the quantification of each event for the evaluation of compliance with Decree 4680/2003. In this study, it was found a genetically modified content much higher than the legal threshold in most of the products. None of the labels of the samples collected in 2011 provided information about the presence of GM maize. Regarding to the samples collected in 2012, 47.0% were not properly labeled. Despite the number of the analyzed samples, the important fact was that some industries that failed to label their products manufactured in 2011 started labeling their products manufactured in 2012, demonstrating the beginning of compliance with the current legislation. Although these results are encouraging, it has been clearly demonstrated the need for continuous monitoring programs to ensure consumers that food products are labeled properly.
Contributing to health promotion and disease prevention, INCQS acts as a Brazilian reference for scientific and technological issues related to quality control of products including foods, providing support for surveillance activities undertaken by health authorities in the enforcement of food safety and labeling policies in order to safeguard consumer rights.
laboratory conditions were suitable for duplex amplification of low percentages of GMOs with a high degree of reliability.
With regards to the samples collected in 2011, all 13 positive samples in the conventional PCR tests showed a transgenic content higher than 10 g.Kg , and none of them was correctly labeled. These samples comprised 10 different brands. As for those collected in 2012, all 17 GMO positive samples, comprising 8 different brands, were quantified as higher than 10 g.Kg . Eight (47.0%) samples had no information on the label, and 9 samples (52.9%) were correctly labeled with the information of the presence of genetically modified maize. The interesting fact is that some brands that failed to label their products commercialized in 2011 started labeling them in 2012, demonstrating compliance with the current legislation observing the consumer rights.
All monitoring studies on genetically modified maize in Brazilian products previously published demonstrated no compliance with the Decree 4. 680/2003 (GREINER; KONIETZNY, 2008; MARCELINO; GUIMARÃES; BARROS, 2007) .
Quantification of MON810, Bt11, NK603, and TC1507 events using real-time PCR
Kits produced by Eurofins GeneScan were used to quantify the events MON810, Bt11, NK603, and TC1507 to determine the content of each event present in the samples.
The linearity of the calibration curves and the efficiency of the real-time PCR in the quantification of each event were evaluated for each target. R 2 values obtained in all runs ranged from 0.984 and 0.999, and the slope of the curves ranged from -3.1234 to -3.6384, corresponding to 109 to 88% of PCR efficiency, respectively. These performance parameters are in accordance with ENGL (EUROPEAN..., 2008) and indicated the suitability of these kits for detection/quantification of GMO in these food products.
Thirty samples were quantified; 13 were analyzed in 2011 and 17 in 2012. TC1507 maize was found in all maize flours samples at great levels (>500 g Kg -1
), and it is the most representative event in food products containing maize. MON810 and Bt11 events were also found in most of the samples at levels up to 200 g Kg -1
. NK603 was found at very low levels in a few samples collected in 2011, suggesting an adventitious contamination. Moreover, in 2012, NK603 event was found in 
